The color of the crust is a significant feature of bread and bakery products. 
1.I NTRODUCTION
The color of the crust is a significant feature of bread and bakery products because, like other organoleptic characteristics -texture, aroma, taste, it influences consumer preferences [13, 14, 15, 16] . The formation of the color of bread crust depends on the physical and chemical characteristics of the raw materials used in the dough such as water, active acidity (pH), sugars and amino acids, and the baking conditions such as the relative humidity of the baking chamber, temperature, speed of Air, heat and mass exchange processes [7, 12, 17, 18] . From the point of view of bread making technology, the formation of a uniformly baked and pleasant appearance of bread crust is one of the goals in the automation of the bread baking process. It follows that control of the formation of the bread crust can be considered as an important stage of the bread making technology. More commonly used techniques in assessing the surface characteristics of bread crust are the obtaining, processing and analysis of images, spectral and hyperspectral characteristics. The purpose of the report is to trace the change in the color of the bread crust during baking using techniques to obtain its optical characteristics.
RELATED WORKS
Current studies are related to the use of offline and on-line systems [2, 5, 6, 14] for measuring the color of various agricultural and food products, as well as for measuring the color of the bread crust during baking. Zanoni et al. [17] suggests that traceability of the color formation of bread crust is realized through the color difference ΔE. The authors create a mathematical model that describes the change in color difference in function of the temperature of the crust. The results are compared with studies on the heat and mass transfer processes reported by other authors. Purlis et al. [12] apply a computer vision system to track the formation of the bread crust during baking. The authors point out that the use of spectral characteristics in the UV, VIS, IR range is not an appropriate tool for tracking the baking process. In this study, the authors applied image analysis by using the XYZ color model components and described the process as a function of baking temperature and water activity. Castro et al. [3] apply a system for obtaining, processing and analyzing images for tracking the baking process. Measurements are in the Lab color model. Models in function of temperature, flour/sugar ratio and consumer acceptability were obtained. The authors state that the use of spectral characteristics in the UV, VIS, IR range are suitable for monitoring changes in water activity, active acidity, metal cations, sugars during baking, but can not be directly applied to trace alteration The color of the baking crust. The review of publications related to the follow-up of bread crust color changes indicates that colorimetric methods using colorimeters and image acquisition, processing, and analysis systems are used in the known studies. The spectral characteristics are more suitable for tracking the changes of physico-chemical parameters.
The presentation of images of bread crust during baking by color models such as RGB or Lab has many limitations, making it difficult to track its change. The literature states that in this type of complex images it is convenient to use the full spectrum of the image [8, 19] . Using the full spectrum of image requires converting RGB values into spectral characteristics in the visible range [9, 11] .
MATERIAL AND METHODS

Object of the study
The object of the study are spectral characteristics of bread crust during baking. An automated bread making machine is set to program 1, 1000g and baking rate "High". Program with duration of 2h and 58min was used. Pictures are taken during the baking period in the machine from 53 min to 2h and 58 min at an interval of 8 min for 5 loaves. Bread is prepared according to the requirements presented in [1] . The following ingredients are used to prepare the dough: flour 100%, water 56%, yeast 2%, salt 1,5%.
Experimental setup
The general appearance of the laboratory equipment used is shown in Figure 1 . A color digital camera DFK41AU02 with ½ "CCD, 1280x960 pixels is used for capturing. The illumination is provided by a round luminescent lamp above the operating stage. A software application for image processing and analysis is enabled on the personal computer. The bread is baked in an automated machine [20] Moulinex Home Bread. The whole set is mounted on a stand with a shoulder strap, providing a change in the shooting height of the video camera.
Convertion of color components to spectra
A method is used to represent the values of the RGB color model in the form of reflectance spectra from the visible spectral range. The techniques for convertion of RGB values into spectra presented in [8, 9] . 
Area under curve
The area under curve (AUC) is used in the identification of processes for their comparison. To calculate this criterion, a function is used:
The coefficients of the models used for the evaluation of the output data to the AUC are determined by autoregression model in Matlab [4] .
Models of the change for area under the curve
The CurveFitting Toolbox in Matlab was used to obtain the models.
Sensitivity analysis of models
The sensitivity analysis is designed to determine the extent to which model output variables are affected by moderate changes to the model input. The sensitivity test can provide a general assessment of the accuracy of the model when used to evaluate alternative models as well as detailed information to overcome the errors at different parameter values [10] . A simplified deterministic approach was used in which the model parameters obtained were set by ±10% of their values. Charts of the error module are analyzed at elevated and decreased values of the model parameters. If the output variables of the model differ significantly, then the output is sensitive to the specification of the input distributions and therefore they must be precisely defined. Figure 2 shows the spectral characteristics of bread crust during baking. The characteristics are obtained by converting the RGB color components into spectral characteristics. The graphs show that in certain spectral ranges there are overlapping characteristics, while in others they are too close to each other, which would make it difficult to distinguish them and track their change. Figure 3 is a graph showing the change in AUC during the baking period. There is a decrease in the values of this coefficient during the baking period. Table 1 shows the four models used. Parameters of coefficient of determination (R 2 ), sum of squired (SSE) and root mean squired error (RMSE) are specified. The coefficients of the models used and the range of their variation are given in brackets. The coefficient of determination for all models is R 2 =0,98-0,99. SSE and RMSE error values are used as criteria for model selection. The lowest values of these errors are the exponential and the polynomial model, which describe the experimental data with sufficient precision. The polynomial model, although having a high coefficient of determination and low error rates, has the disadvantage that oscillation of the resulting curve pattern occurs when increasing its order. An exponential model is chosen because many of the biotech processes have an exponential character of changing their metrics [16, 18] . The sensitivity analysis of the exponential model shows that the smallest sensitivity in the initial point of the baking process. The sensitivity of the tested parameter is greatest in the middle and at the end of the process. Figure 5 shows a sensitivity chart of the selected model when changing its parameter values within a range of ±10%. The output values of the model differ significantly when changing the parameters within this range, indicating that the output is sensitive to the specification of the input distributions and therefore they must be precisely defined. In order to assess the extent to which the exponential model describes the baking roast color process, the results for this process and the Student criterion method are used, which at the available data have degrees of freedom k=n-1, where n is The number of experimental data. Data was used to track the changes of the AUC coefficients of spectral characteristics that were not applied when searching for a suitable model to describe the experimental data. The calculated value of the Student's criterion is t calculated =0,89, the critical value at degrees of freedom k=624 is t critical =1,96. Because the calculated value of the criterion is less than the critical, the exponential model is adequate and can be used to track the change of the bread crust during baking.
RESULTS AND DISCUSSION
CONCLUSION
The proposed experimental setup for tracking the bread baking process for can be used to create kinetic curves for this process.
An analysis of errors SSE and RMSE determines that the experimental data is described with sufficient precision with a third-order polynomial model and an exponential model. For these models a generalized curve of the bread crust spectral characteristics was obtained. The exponential model was selected and its sensitivity is assessed. The results of this assessment show that the model is sensitive to the change in its parameters and depends on the change in the other factors involved in the change in the surface features of the bread crust. Measuring these parameters and finding their relationship with the color change of the bread crust during baking will be the subject of further research. The adequacy of the exponential model, which determines the possibility to use it to analyze the bread baking process, has been proven.
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